Abstract-Nano-indentation characterization studies on epoxy hydro gels used for soft tissue applications are conducted using atomic force microscope (AFM). Two kinds of hydro gels: (a) plain epoxy hydro gels, and (b) epoxy hydro gels reinforced with three-dimensional polyurethane fiber pattern are considered in this study. The three-dimensional fiber pattern is generated using rapid robo-casting technique. Again these two hydro gel types are tested under five different conditions: (a) dry gel, (b) saturated with certain percentage of water, (c) saturated with 100% water, (d) 100% partially immersed in water, and (e) 100% fully immersed in water. Preliminary results obtained on plain epoxy hydro gels show that the saturated conditions decrease Young's modulus values by 15%.
INTRODUCTION
Hydro-gels are water swollen polymeric networks. They are insoluble when placed in aqueous solution due to chemical and physical cross-links. Hydro-gels play an important role in biomedical applications [1] . In the last decade hydro-gels have played an important role in tissue engineering in which they are used as scaffolds to guide the growth of new tissues. [2] . The swelling behavior of hydrogels provides an aqueous environment comparable to soft tissue for encapsulated cells. So the first thing that comes to mind, when designing hydrogels for tissue engineering applications is the design of gels with good mechanical properties at various equilibrium swelling conditions. In this case, nano-indentation is the best technique to characterize the mechanical properties of gels. Indentations were performed at different locations to assess Young's Modulus values with their standard deviation. Especially we aim to develop an understanding of Young's Modulus values based on the water saturation level of the gels. In this way it can be proven that heavy water absorbance by the gels have a plasticizing effect on the polymeric materials reducing the Young's Modulus values [1] . A detailed analysis will be performed on the Modulus values as a function of controlled equilibrium swelling conditions using atomic force microscopy (AFM).
In all these cases homogeneous swelling will be maintained.
II. EXPERIMENTAL DETIALS
Comprehensive set of experiments are planned using the Atomic Force Microscope for the gel samples. As the initial step, gel samples were prepared with controlled crosslinking density. Gels were prepared by mixing two epoxies Butanediol di-glycidylether and Polyethylene glycol DGE (1:1 ratio) with leffamine D-230. The reactive ratio of epoxy to Amine H ion is 1:2 [2] . The desired cross-linking density is controlled by the molar ratio of amine and epoxy components. The prepared mixture was kept for 24 hours to complete the reactions and totally become a gel. A threedimensional robo-casting technique will be employed to develop epoxy hydro gels reinforced in polyurethane fiber pattern [3, 4] . The technique is computer controlled x-y-z dispensing needle unit (with a diameter of 100 microns) to generate well-defined patterned structure.
The nano-indentations were done using AFM at four different conditions, dry gel, 100% saturated wet gel without immersed in water at testing stage, gel partially immersed in water and fully immersed in water with a tiny water layer on top of the sample. Swelling percentage of the gels will be controlled to obtain a Young's Modulus value profile. The swelling percentage control methodology is yet to be designed and then the indentations will be performed on the respective gel samples to obtain the Young's Modulus values. Typical force-deflection diagram for a dry sample is shown in Fig. l .These results will help to develop an understanding of the change of mechanical properties as a function of the swelling co-efficient of the gel samples. As the next step, fibers will be embedded to gels. The pattern of arrangement of fibers in the sample will be such that they have different enclosing spaces among them. That is the area enclosed by four fibers will be different across the plain. Nano-Indentations will be performed on these areas to determine the change of hardness values. If the fiber enclosing area is small, it is expected that the restraining force applied to the indentations will be high. Therefore Young's Modulus values will be different for these cases. These samples will also be subjected to different swelling conditions and indentations will be performed to determine the Young's Modulus values. These experiments will be helpful to determine the mechanical behavior of hydrogels under different swelling percentages and different fibers embedded in them. As the preliminary steps to assess the applicability of nano-indentation techniques and to determine the softening and plasticizing effect of the gels, AFM indentations of gels under different conditions were performed. The gel samples were cut into small square shape pieces with smooth surface in order to test them in the Atomic Force Microscope. Non-contact mode scanning was performed by the AFM to ascertain the smoothness of the sample surface. AFM non-contact mode image of the dry gel sample is shown in Fig. 2 Fabrication of various three-dimensional patterns using robo-casting technique is in progress. Experiments on epoxy hydro gels with three-dimensional fiber pattern are underway at various conditions. The complete set of results, comparison and analysis will be presented at the time of presentation.
